The role of cord factor in BCG-induced pulmonary granulomas and local pulmonary delayed hypersensitivity (DH) was evaluated. Cord factor did not induce pulmonary granulomas comparable to those induced by killed BCG. The compound did not induce pulmonary DH that could be elicited by itself, purified protein derivative, or BCG. Cord factor-injected animals did not develop an accelerated pulmonary granulomatous response after challenge with killed BCG. Finally, cord factor did not elicit local pulmonary DH in BCG-sensitized animals. These results are discussed in relation to cord factor's role in antimicrobial immunity, granuloma formation, and antitumor immunity.
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Cord factor (trehalose-6, 6'-dimycolate) is a complex glycolipid extractable from the tubercle bacillus (2, 14, 19) . Its role in the pathogenesis of and immunity to tuberculosis has been the subject of numerous investigations. Recently, Bekierkunst and his colleagues studied the granulomagenic and immunological properties of this material (1) (2) (3) (4) (5) . Reportedly, cord factor will induce pulmonary granulomas (1, 2) , cause increased resistance to challenge with the H37Rv strain of Mycobacterium tuberculosis (2), induce granulomas in the footpads of mice (3), increase the antibody response of mice to sheep erythrocytes (5) , and suppress the development of urethaneinduced tumors in the lungs of mice (4) . Studies in our laboratory have been concerned with the possible role of cord factor, as well as other components of the tubercle bacillus, in the chronic and accelerated pulmonary granulomatous responses (CGR and AGR) which can be induced in the lungs of rabbits with killed BCG (15, 16, 18) . We have obtained data which suggest that local pulmonary delayed hypersensitivity (DH) is involved in the production of the AGR (V. L. Moore and Q. N. Myrvik, unpublished data). Furthermore, in another laboratory, studies of allergic granuloma formation induced in mouse lungs by the eggs of Schistosoma mansoni have provided convincing evidence that the formation of these granulomas is dependent upon DH (7) (8) (9) 20) .
It is possible that cord factor could act as a hapten or antigen for the induction of pulmonary DH as well as for the CGR (13 granulomas. Chronic and accelerated pulmonary granulomas were induced as previously described (16) . Chronic granulomas were induced by injecting rabbits intravenously (iv) with 100 ,ug of killed BCG in 0.1 ml of oil (Bayol F); this procedure also induces pulmonary DH detectable by the migrationinhibition test (10) . Accelerated pulmonary granulomas were elicited in rabbits undergoing a 3-week CGR by iv challenge with 5.0 mg of BCG in 1.0 ml of 0.15 M NaCl. The AGR was evaluated at 4 days postchallenge. Attempts were made to induce the CGR and pulmonary DH by the iv injection of 100 ,ug of cord factor in 0.1 ml of the oil-in-water emulsion. Evaluation of pulmonary DH and granuloma formation. For evaluation of DH, cells were removed from the lungs of rabbits inoculated 3 weeks previously with cord factor or killed BCG by means of a lavage technique with Hanks balanced salt solution (17 a The granuloma index ± the 95% confidence interval was 0.93 ± 0.24; the mean packed cell volume (at 50 X g for 10 min) was 0.22 ml. The methods by which the migration index and the granuloma index were calculated are given in Materials and Methods.
b Values represent means ± 95% confidence intervals. factor-sensitized rabbits revealed numerous microscopic granulomata. The relative lack of (2.5 X 102) response to cord factor as compared with BCG RESULTS is also reflected in the amount of cells which RESULTS can be collected from the lungs; i.e., normal Failure of cord factor to produce a grossly de-rabbits yield 0.1 to 0.2 ml of packed cells, cord tectable CGR or DH in rabbit lungs. When 100 factor-injected rabbits yielded 0.1 to 0.3 ml of ,ug of cord factor in an oil-in-water emulsion packed cells (Table 1) , and BCG-sensitized rabbits was injected into rabbits, there was no signifi-yielded approximately 1.4 ml of packed cells cant increase in the granuloma index over that (Table 2) . Furthermore, pulmonary DH could of normal animals, since the granuloma index of not be detected when cells from 3-week cord normal rabbits averages 1.0 (see 16). However, factor-injected animals were challenged in vitro Fig. 1) .
Failure of cord factor to elicit pulmonary DH in rabbits sensifized with killed BCG. Rabbits sensitized iv 3 weeks previously with 100 ,ug of killed BCG developed pulmonary DH to PPD and to BCG but not to cord factor ( Table 2 ). The granuloma index of BCG-sensitized animals was increased significantly over that of cord factor-injected animals (Fig. 1) .
Failure of cord factor to sensitize rabbits for the AGR after challenge with whole BCG. When rabbits were sensitized with 100 ,ug of either cord factor or killed BCG, only the latter could sensitize an animal to undergo the AGR after challenge with 5 mg of BCG (Table 3 , Fig. 1 ). Cord factor-injected, BCG-challenged rabbits did not develop a detectable granulomatous response based on the granulomatous index method (Table 3 , Fig. 1 ). The differences in magnitude were also reflected in the cell yields procured from the lungs (Table 3) .
DISCUSSION
We have demonstrated that iv injection of 100 ,ug of cord factor (oil-in-water emulsion) into rabbits does not result in the formation of granulomas comparable to those inducible with an equivalent dose of killed BCG in oil. Cord factor could not sensitize rabbits to undergo the AGR upon challenge with killed BCG. These differences were also reflected in the quantity of cells which could be collected from the lungs of these animals. Additionally, cord factor failed to act as a hapten or antigen to induce pulmonary DH to itself, BCG, or PPD. Furthermore, cord factor failed to elicit pulmonary DH in cells from BCG-sensitized animals. In this regard, the microscopic cellular responses induced by cord factor were most likely foreign body-type reactions. If cord factor produces only nonallergic foreign body granulomas, neonatal thymectomy and treatment with specific antilymphocyte serum should not significantly diminish cord factorinduced granulomas in mice (8, 9) .
These findings raise some interesting speculations regarding cord factor and its capacity to augment an antibody response (5), to provide greater protection against a facultative intracellular parasite (2), and to increase resistance to tumors (4). It is obvious from Bekierkunst's work that granulomas are produced in the lungs (1, 2) and footpads (3) of mice by cord factor. The increased protection against a challenge with H37Rv could be explained as the result of increased macrophage localization and activation. One could explain increased tumor resistance either on the basis of cord factor's capacity to induce chronic inflammation or because of a nonimmunological release of lymphokines locally, i.e., lymphotoxin (11) . There are some reports that macrophages produce substances which can destroy xenogeneic target cells (12) and tumor cells (6) . Therefore, it is possible that macrophages mobilized in a foreign body granuloma can express antitumor activity.
These studies are a part of our attempt to determine the antigen(s) responsible for the induction of the CGR in rabbits. Conceivably, it should be possible to induce chronic pulmonary granulomas with fractions of the tubercle bacillus provided that these fractions are delivered to the animal in an appropriate substrate. Preliminary studies (V. L. Moore and Q. N. Myrvik, unpublished data) have indicated that this is possible. Further studies are in progress on this important question.
Collectively, our data strongly suggest that cord factor-induced granulomas in rabbits are of the foreign body type rather than allergic.
The biological properties of cord factor described in the literature may be due to its propensity for causing nonimmunological chronic inflammation. It is concluded that cord factor derived from mycobacteria is not solely responsible for the induction of chronic allergic granulomas or pulmonary DH in rabbits.
